13 14 Intrauterine devices (IUDs) is the most effective methods of the reversible and 15 long-acting contraception. 1) To develop a novel three-dimensional grid intrauterine 16 device (3-DGIUD) with nickel-titanium (Ni-Ti) and silicone rubber. 2) To observe the 17 effect of the 3-DGIUD on contraceptive efficacy and the change of uterus, 18 endometrial sex steroid receptor, PAX2 in rhesus macaques (Macaca mulatta). The 19 materials of the 3-DGIUD were the nitinol wire and the silicone rubber. The frame of 20 the 3-DGIUD was three-dimensional and grid-like. Twenty adult female rhesus 21 macaques were divided into the 3-DGIUD group (placing the 3-DGIUD, n=9), the 40 41
sham operation group (no placing the 3-DGIUD, n=9) and the control group (n=2). 23 On the 10 th -day after surgery, the 3-DGIUD group and the sham operation group 24 macaques were caged together with male macaques (female: male = 1:1). The uterus, 25 3-DGIUD and pregnancy of 18 female rhesus monkeys were examined by abdominal 26 ultrasound every month. The endometrium pathological examination was carried out 27 and the expression of PAX2 and hormone receptor (ER, PR) was detected by 28 immunohistochemical staining. After 3-DGIUD was placed in case group for 3 and 12 29 months, only 1 of female macaque was pregnant in 9. The contraceptive effective rate 30 was 88.9% (8/9). The 3-DGIUD in the uterus of macaques was observed by 31 ultrasound. In the sham operation group, 9 macaques were pregnant (9/9). There was 32 significant difference in uterine size of the 3-DGIUD group between pre-placement 33 and after surgery for 3 and 12 months (P<0.05). The endometrial epithelium was 34 intact, just a small number of glands vacuoles and a few neutrophils infiltration 35 around the 3-DGIUD. The expression of endometrial ER, PR and PAX2 in 3-DGIUD 36 group on 12 months after surgery was similar to those in control macaque. The 37 3-DGIUD has a good contraceptive effect on female macaques, and has no significant 38 affection on the expression of endometrial steroid receptor and PAX2 in rhesus 39 monkeys.
Introduction 56 Appliance of contraceptives is the cornerstone of prevention for unintended 57 pregnancy. The rate of unintended pregnancy in the United States is 51% and 45% in 58 2011 and in 2008, respectively [1] . In China, more than 20% of teenager and 59 unmarried women are pregnant every year [2] , and the rate of undergoing repeat 60 abortions and non-use of contraception in these adolescents is 39% and 68%, 61 respectively [3] . Long-acting reversible contraceptive (LARC) methods could help 62 reduce the high rate of unintended pregnancy. Among all available contraceptive 63 methods, the failure rate of IUD is less than 1%, which is almost ideal and the most 64 popular contraceptive method in the world [4, 5] . IUDs are the most common forms 65 for millions of women, particularly in mediate postpartum women [6] [7] [8] . Current data 66 shows that more than 10% of childbearing aged women are using IUDs worldwide [4] . 67 In China, IUDs are utilized by 48%-51% women of childbearing aged in 2010-2015 68 [5, 8] . The rate of IUD use in American Muslim women are 21.2% [9] . In breast 69 cancer women, the rate of IUDs use is 72.1% [10] . 70 Although female contraceptive methods such as sterilization, IUDs and hormonal 71 contraception are very effective in preventing unintended pregnancy, some women 72 can't use them due to health condition or side effects. IUDs may cause side effects to 73 some women. Migration, especially uterine perforations, expulsion, increased 74 menstrual blood loss, pain, and uterus or pelvic inflammatory and risk of extrauterine 75 pregnancy after IUD insertion are frequently occurred on patients [11, 12] . IUD 6 76 migrated into bladder is a rare and serious complication [13] . On the other hand, the 77 burst release of the cupric ion (Cu 2+ ) of cooper containing IUDs (Cu-IUDs) is an 78 important side effect particularly in the first month. The Cu-IUDs, 79 levonorgestrel-releasing intrauterine system (LNG-RIS) and implants are LARC. 80 Excessive Cu 2+ may cause toxic effect on the cell and increase bleeding and pain 81 [14] [15] [16] . The LNG-RIS can increase irregular bleeding and/or spotting days 82 particularly after 3 months of use [17, 18] . In addition, the shape, size and weight of 83 IUDs also have a great impact on contraceptive effects and side effects. The increase 84 in menstrual volume caused by IUD seems to be related to the size of the device. The 85 greater the size and weight of the IUD, the greater the amount of menstrual blood loss 86 is. 11, 12 Relationships between the size of the IUD and the size of the uterine cavity are 87 also considered to be a factor in the expulsion of the IUD [12]. 88 Inducing local inflammatory reaction in the endometrium is the major effect of all 89 IUDs. The inflammatory response can be enhanced by Cu-IUDs. Cu+ is released from in the effect of IUDs as the contraceptive method on endometrial sex steroid receptors 108 and PAX2 expression in uterus of rhesus macaques. 109 We have reported that the main contraceptive mechanism effect of the 110 three-dimensional reticular IUD (3-DRIUD) in rats, and observed that the larger the 
Pregnancy and uterine measurement of rhesus macaques on 3 months and 12
245 months after surgery 246 The large type of the 3-DGIUD was placed in 7 rhesus macaques and the small type 247 was placed in 2 cases. After 3 months, the 3-DGIUD loss and pregnancy were found 248 in one macaque (1/9, 11.1%), and this 3-DGIUD was small type. In the sham 249 operation group, 6 and 3 macaques on 3 and 12 months after surgery were pregnant 250 (Figure 3 F) , respectively, and there was significant difference comparing with the 251 3-DGIUD group (x 2 = 5.844, P = 0.05 and x 2 = 14.400, P = 0.000). Uterine 252 measurement on 3 months and 12 months after surgery is shown in Table 2 . No pelvic infection occurred in 18 rhesus macaques on 3 and 12 months after surgery. 256 After hysterectomy, the uterus was cut open. It can be seen that the 3-DGIUD did not 257 adhere to surrounding tissues or embed into myometrium (Figure 4 A) IUDs may be caused by the dimensional incompatibility. In the present study, the 313 small type of 3-DGIUD was expulsion in one macaque at 3 months. The remaining 8 314 macaques, no pregnancy occurred after surgery. Therefore, the size of IUD is too 18 315 small, easy to fall off, leading to pregnancy. On the other hand, menorrhagia, 316 dislocation or expulsion and contraceptive efficacy may be affected by the shape and 317 the weight of IUDs. If the shape is too large or the weight is too heavy of the IUD, 318 severe compression will be caused. The rigidity of the inserted tube may also be 319 linked to risks [33, 34] . In the present study, we improved the shape of IUDs. The In conclusion, despite the 3-DGIUD was developed for macaques, it is likely that 380 improvement of the shape and the materials for currently used IUD of human 381 according to this study. The 3-DGIUD was non-toxic and had good contraceptive 382 effectiveness for macaques. Notes: The number in brackets is the rhesus macaques (n). Superscript letter a-e was 567 compared with during operation and f-h was compared with before operation; a t = 568 1.991, P = 0.087, b t = 4.812, P = 0.005; c t = 3.557, P = 0.016; d t = 7.906, P = 0.001; e 569 t = 5.477, P = 0.003; f t = 7.112, P = 0.000; g t = 2.333, P = 0.052; h t = 6.563, P = 570 0.000. Fisher's Exact Test. 
